The aim of this publication includes the try to act as intermediary to the readers, which should be able to understand:
Anti-CTLA-4 Therapy
Ipilimumab is a monoclonal antibody against CTLA-4. It has been approved for the treatment of metastatic melanoma based on 2 registration trials. The first trial included randomization of 502 treatment-naive patients to ipilimumab plus dacarbazine (DTIC) vs DTIC plus placebo. The reported median OS was 11.2 months with ipilimumab plus DTIC vs 9.1 months with DTIC alone (P < .001).
[6] The other trial included 676 HLA-A*0201 -positive patients who had progressed on or during previous therapy who were randomized in a 3:1:1 ratio to either ipilimumab plus glycoprotein 100 peptide vaccine (gp100; n = 403) vs ipilimumab alone (n = 137) vs gp100 alone (n = 136). [7] The median OS in each arm was 10.0 months, 10.1 months, and 6.4 months, respectively, which yielded a significant difference between ipilimumab and gp100 (P < .001) and no significant difference between ipilimumab and ipilimumab plus gp100 (P = .76). There were registered immune-related toxicities, such as colitis and dermatitis, which were frequent in these studies and sometimes required management with corticosteroid or anti-tumor necrosis factor therapy. Autoimmune inflammation of multiple tissues in the body has been demonstrated, including hypophysitis, which can require lifelong pituitary hormone replacement. [6-8] Single agent ipilimumab was also evaluated in a phase II trial of 61 patients with metastatic renal cell carcinoma (RCC) at 2 different dose levels -1 mg/kg or 3 mg/kg every 3 weeks, reporting an overall response rate (ORR) of 12.5% using a more intense, continuous dose than scheduled and used in melanoma. [9] However, this more intensive dosing resulted in one third of the patients developing grade 3/4 immune-related adverse events. It should be noted that ipilimumab is not currently under investigation in RCC, due to the competitive development of multiple targeted agents. A randomized, double-blind phase II trial of chemotherapy plus ipilimumab given either concurrently or in a phased manner vs standard chemotherapy in 204 patients with stage IIIB or IV NSCLC met its primary endpoint of improved progression-free survival (PFS) by immune-response criteria (P = .05) for the phased administration. The subset analyses revealed an OS benefit in patients with squamous histology.
[10] Ipilimumab is currently being evaluated in late-phase trials in lung [11, 12] and prostate cancers.
[13] 
Anti-PD-1 Therapy
Antibodies that bind PD-1 and block the interaction between PD-1 on T cells and PD-L1 on tumor cell surfaces have demonstrated remarkable activity in several tumor types including melanoma, RCC, lung cancer and colorectal cancer (CRC), the last two are generally not considered to be immunogenic. [14] In a heavily pretreated population with NSCLC, a response rate of 17% was noted in the early-phase trials of the anti-PD-1 monoclonal antibody nivolumab. Its response durations lasting up to several years and a median OS of 9.6 months. [14, 15] Grade 3 or higher toxicities were relatively minimal in comparison with those observed with ipilimumab, although there were 2 deaths due to pneumonitis. Toxicities did not appear to be cumulative over time. Preliminary phase I data of nivolumab combined with platinum-based chemotherapy reported response rates of 33% to 50%.
[16] Large phase III trials are currently ongoing, comparing nivolumab with Docetaxel in the second-line setting and beyond. [17, 18] Rapid and durable responses to PD-1 inhibition have also been observed in melanoma with a 31% ORR to nivolumab in phase I trials. 45% of those achieving response within 8 weeks of therapy. [19] Median duration of response was 2 years. Some responses persisting after discontinuation. Pembrolizumab, another anti-PD-1 antibody, has shown objective response rates of 38% by Response Evaluation Criteria in Solid Tumors (RECIST) in a phase I trial among patients with melanoma.
[20] At the highest dose level (10 mg/kg every 2 weeks), a 52% ORR was observed and grade 3/4 toxicities were reported in 12.6% of patients. Previous treatment with ipilimumab did not influence response rates or toxicities. Pembrolizumab was approved in September 2014 by the US Food and Drug Administration (FDA) for patients with unresectable or metastatic melanoma who experienced disease progression following treatment with ipilimumab and, in those patients with BRAFV600 mutations, following a BRAF inhibitor. BRAF is a human gene that makes a protein called B-Raf. The B-Raf protein is involved in sending signals inside cells, which are involved in directing cell growth. In 2002, it was shown to be mutated in some human cancers. Early-phase studies of anti-PD-1 therapy have also demonstrated ORR of 30% to 35% in RCC, again with some responses appearing to be quite durable. Anti-PD-L1 Therapy Additional monoclonal antibodies against PD-L1 are in the early stages of clinical investigation. BMS-936559 is a fully human monoclonal antibody that was well tolerated in a phase I study with activity observed in NSCLC and melanoma.
[26] The most frequently observed treatment related adverse events were fatigue, infusion reaction, and diarrhea. MPDL3280A, an engineered PD-L1 antibody, has also demonstrated antitumor activity in NSCLC (ORR: 22%), melanoma (ORR: 29%), and RCC (ORR: 15%) across several dose levels.
[27] Moreover, there was a 36% response rate observed among tumors positive for PD-L1 vs 13% in PD-L1-negative tumors. The antibody appeared to be well tolerated with 13% of patients experiencing grade 3/4 treatment-related adverse events. Another fully human antibody against PD-L1, MEDI-4736, has recently entered clinical testing and demonstrated antitumor activity in NSCLC, as well as head and neck, pancreatic, and gastro esophageal cancers in a phase I trial. It was well tolerated with 6% of patients experiencing grade 3/4 treatment-related adverse events.
[28]
Combination Therapy with Immune Checkpoint Inhibitors
Attempts to combine immunotherapies with tyrosine kinase inhibitors are ongoing, although they appear hampered by high rates of hepatitis. The authors reported a 40% confirmed objective response rate but did note that 53% of patients developed grade 3/4 treatment-related toxicities. Responses correlated with PD-L1 expression but not as strongly as seen in anti-PD-1 monotherapy studies. Patients were randomized to concurrent treatment with the 2 antibodies or 1 of 4 sequential cohorts of varying dose levels. Sznol and colleagues [31] presented updated survival data for the study at the 2014 meeting of the American Society of Clinical Oncology (ASCO). He reported unprecedented 2-year OS rates of 88% in the cohort of patients receiving nivolumab 1 mg/kg and ipilimumab 3 mg/kg sequentially (n = 17) and 79% among patients receiving concurrent dual-antibody therapy (n = 53). Other combinations of checkpoint blockade agents are being investigated, with preclinical work indicating potential synergies of PD-1 blockade combined with other immune checkpoint inhibiting antibodies targeting LAG-3 and TIM-3. [32, 33]
Discussion
The growing role of the checkpoint inhibitors in the practice of oncology is obvious. Many clinicians are aware that previous immunotherapy approaches to cancer therapy, such as vaccines, interleukin (IL) -2, and interferon were met with limited success. The mechanism of action of checkpoint blockade set them apart from the earlier therapies targeting the immune system. The difference is presented in the chronologic mechanism and differing act places. A vaccine must rely on the patient's endogenous dendritic cells and prime them to start an immune response with a target antigen. Cytokines such as IL-2 and interferon-á, which have demonstrated dramatic efficacy in a small percentage of patients with melanoma and RCC, induce antitumor activity via T-cell activation.
[34] Checkpoint blockade works on the premise of an ongoing antitumor immune response that is impeded by various molecular pathways known as immune checkpoints. Previous approaches to immunotherapy in cancer were formulated on mounting an immune response whereas immune checkpoint blockade act to facilitate a preexisting immune response by eliminating inhibition. Immunologically, the 2 approaches are actually quite different. Stimulating an antitumor immune response with a vaccine causes immune cells, particularly T cells, to target and migrate to the tumor and, ideally, produce yet another cytokine, interferon-γ. If interferon-γ is produced, the tumor cells upregulate compensatory mechanisms, particularly expression of immune checkpoint ligands on tumor cells and associated stromal cells in the tumor microenvironment. Therefore, even if the vaccine works optimally, the immune checkpoints will likely interfere with the intended antitumor response. Hence, thecheckpoint blockade has yielded superior objective responses in some cancers but not all cancers.
Activity of Immune Checkpoint Inhibitors across Tumor Types
Some tumors, such as melanoma and RCC, seem to be immunogenic in that they respond better than other tumors to checkpoint inhibition and other immune-targeted therapies such as high-dose IL-2. Based on data presented at the 2014 ASCO annual meeting, many tumors that were not considered immune responsive, such as pancreatic, esophagogastric, head and neck, bladder, and lung cancers, have shown responses to immune checkpoint blockade (i.e. PD-1 and PD-L1 inhibition) in early-phase trials [28, [35] [36] [37] [38] [39] [40] [41] [42] [43] . It is very interesting speculation on what may make one cancer more immune responsive than another and why we are now seeing evidence that cancers previously unresponsive to other forms of immunotherapies are responding to these newer investigational immune checkpoint inhibitors. Some patients are clearly responsive and some are not. The difference in response either between tumor types or among patients within a specific tumor type is not clearly understood. There is one global explanation that has been discussed, and that is the notion that tumors with a higher mutational rate, such as melanoma, are more responsive because there is a greater number of potential neoantigens for the immune system to attack.
There are some data-some were presented at ASCOsuggesting that patients with a higher mutation rate may be more likely to respond.
[44] At Johns Hopkins, Le and colleagues found that, in patients with micro satellite instable CRC, somatic mutations do seem to be responsive to PD-1, whereas CRC in general does not respond well to PD-1 blockade. So mutation rate might be an explanation for that phenomenon. However, this would not explain why kidney cancer, which has a much lower mutation rate than melanoma, responds quite favorably to checkpoint inhibition. That question currently remains unanswered. There are other cancers, such as small-cell lung cancer, that have very high mutational rates. But there are very few data on immunotherapy in small-cell lung cancer. Reck and colleagues [45] evaluated ipilimumab plus carboplatin/paclitaxel as first-line therapy in extensive-disease small cell lung cancer in a randomized phase II study. They reported a significant improvement in immune-related PFS with a phased combination regimen compared with control but no improvement in either PFS or OS. However, there is an ongoing trial in the United Kingdom of ipilimumab as maintenance after initial chemotherapy in small-cell lung cancer. There are multiple groups trying to start trials of PD-1 and PD-L1-related agents in small cell lung cancer as well. It certainly would seem to be a logical target.
Concerning other tumor types immune checkpoint inhibitors have demonstrated antitumor activity. For instance, it is expected that ovarian cancer would respond well to these agents due to preclinical experience in animal models. [46] However, in the multicenter phase I trial of anti-PD-L1 antibody BMS-936559, only 1 of 17 patients (6%) with ovarian cancer had a partial response and 3 (18%) had stable disease lasting 24 weeks or longer. Thus, there did not appear to be a robust response in that tumor.
[26] Another example is prostate cancer, which has generally been non responsive to checkpoint inhibition. In the phase IB trial of the anti-PD-1 antibody nivolumab, 17 patients with metastatic castration-resistant prostate cancer were treated with no objective responses observed.
[47] The response rate to ipilimumab is a prostate specific antigen response in the range of 10% to 20% at best. [48] Thus, despite the presence of infiltrating lymphocytes associated with prostate cancer, it has demonstrated a disappointing lack of response to immunotherapy with checkpoint blockade. On the other hand, Muro and colleagues [41] presented data from a phase Ib trial of 39 patients with PD-L1-positive carcinoma of the stomach or gastro esophageal junction treated with Pembrolizumab 10 mg/ kg every 2 weeks for up to 24 months. They reported an ORR of 30% with the median response duration not yet reached. Another way for the cancer immunotherapies is to use them as initial therapy for many patients with various cancers. Much of the data that have been published or presented in tumors have been in the second line and beyond, for example, the anti-PD-1 (nivolumab) and anti-PD-L1 phase I data where all patients had at least 1 line of treatment, typically 3 or 4. [26, 47] There are some data that address that in the trial of nivolumab in kidney cancer, which was the dose finding trial presented by Motzer and colleagues [49] at ASCO 2014. There was a small cohort of treatment-naive patients. And in that small cohort of patients, the response rates appeared similar to what was observed for treatment-experienced patients. So, this may indicate that we will see responses in the first line.
Immune Checkpoint Inhibitor Response Characteristics
It appears that several different tumor types may be amenable to therapy with checkpoint inhibitors. Antitumor responses with immunotherapy can be different than those that we expect from chemotherapy and targeted agents, and as a result, some trials have assessed immune-related response criteria rather than RECIST. Do the immune-re-lated response criteria differ from standard RECIST, and what advantages could we see for their use in immunotherapy trials? The first question with ipilimumab is the phenomenon that when patients are treated with immunotherapy, the tumor may enlarge before it shrinks. This is likely due to lymphocytic infiltration but is not yet fully understood. The other event that may occur after initiation of immunotherapy is the development of a new lesion. With standard RECIST, the presence of a new lesion indicates progression. In immune related response criteria, emergence of a new lesion on imaging would not indicate progression per se, unless there is a growth in the overall tumor burden. This is due to the possibility of a subclinical lesion that is not visible on initial imaging that becomes visible following immunotherapy due to increased T-cell migration and infiltration. [50] With anti-CTLA-4 therapy, this scenario of progression prior to response is fairly common, occurring 5% to 10% of the time. [51, 52] The same phenomenon is observed with anti-PD-1 antibodies although current data suggest that this occurs at a lower rate than with anti-CTLA-4. [26, 53] So whether the immune related response criteria will be as relevant in trials evaluating PD-1 blocking agents is yet to be determined. How durable are the responses to the immune therapy could be found in the FDA approval of both an anti-PD-1 (Pembrolizumab) and an anti-CTLA-4 antibody (ipilimumab) both in metastatic melanoma long-term data can be accumulated on the stability of these responses. It appears that an atypical response is often associated with a long-term response in the ipilimumab data. And this has not been addressed formally for PD-1-blockade agents. However, an atypical response is potentially a prognostic marker of durable response and a long-term outcome consistent with stable disease over time.
Adverse Events Associated With Immune Checkpoint Inhibitors
The 4 major adverse events for ipilimumab are related to inflammation. Dermatitis is fairly common but is not typically dose limiting, and it can be managed with either topical antihistamines or simply moisturizing agents. Sometimes it does require some topical steroids. It is rare to see grade 3/4 dermatitis, but it can occur. The more common and more severe adverse event with ipilimumab is colitis and requires aggressive management. It has led to mortalities in some of the early ipilimumab trials. Grade 3/4 colitis is not particularly uncommon, and it is typically treated with doses of intravenous steroids, which depend on the severity of the colitis. The other adverse events that are worrisome with anti-CTLA-4 are hepatitis and hypophysitis. Hepatitis is usually asymptomatic and typically manifests itself as a lab abnormality. Hypophysitis, inflammation of the pituitary gland, can present in a number of ways. The more common presentation is a steady onset of unexpected fatigue. This can be confounded by fatigue from the cancer so it can be difficult to differentiate and attribute it to toxicity from the checkpoint inhibitor. Hypophysitis can also present other ways, for example, severe headache with visual changes, due to the pituitary gland's proximity to the optic chiasm. Finally, men can present with new onset of impotence; new complaints of sexual dysfunction in a patient being treated with ipilimumab and doing well otherwise may be an early sign of hypophysitis. It is also important to treat hypophysitis aggressively because if it progresses, the patient can suffer permanent deficits in the associated hormones and require lifelong replacement with adrenocorticotropic hormones, thyroid hormones, and both glucocorticoids and mineralocorticoids. These 4 major toxicities can also occur, to some extent, with anti-PD-1 and anti-PD-L1 antibodies. In general, the colitis is far less common, but hypophysitis, hepatitis, and occasionally dermatitis have been observed. In general, the magnitude of the adverse events with anti-PD-1 blockade, both nivolumab and Pembrolizumab-and even from the anti-PD-L1 agents, MPDL3280A and MEDI3476-have generally appeared to be less severe. The phase I data have been presented for both Pembrolizumab [54] and nivolumab.
[47] Both of these have a grade 3/4 adverse event rate that appears to be statistically significantly lower than that of ipilimumab (10% to 15% [54, 55] vs 20% to 30%, [7] respectively). The data that are emerging from ASCO seem to indicate that the anti-PD-1 agents as well as MPDL3280A [27] and MEDI4736 [28] appear to carry a fairly low rate of grade 3/4 adverse events. So one could conclude with some degree of confidence that the overall rate of these grade 3/4 toxicities will be significantly less with the anti-PD-1 and anti-PD-L1 agents than with anti-CTLA-4 agents. However, we still await the release and publication of larger phase III data sets to reach a definitive conclusion about the adverse event rates in a broader patient population. Although, anecdotally, it does appear that the anti-PD-1 agents are slightly better tolerated and easier to administer. The manufacturers of these agents have generated algorithms that are used on the trials and that will be available if and when these agents are approved to manage these associated toxicities. These algorithms are a very important and useful tool when administering these agents and managing their respective toxicities.
Potential Combination Strategies to Enhance Immune Checkpoint Inhibitor Activity
Although monotherapy with checkpoint inhibitors is showing activity in many different types of tumors, there appear to be other tumor types that are not responding. There may be potential strategies to stimulate the response to checkpoint inhibitors in tumors that have been either modestly or relatively not immunogenic. A potential solution therefore might be to combine checkpoint inhibition with other therapy modalities. The example of prostate cancer that we mentioned earlier, combining checkpoint inhibitors with hormonal therapy, androgen ablation, which decreases the tumor volume, may lead to a pro immunogenic release of antigens.
Another option would be to combine checkpoint blockade with a vaccine and there are some trials ongoing using this approach. [57, 58] A third approach is the combination of radiotherapy with immunotherapy. Radia-tion therapy also leads to pro immunogenic antigen release in addition to reducing tumor burden which mitigates tolerance. There have been preclinical data to support this approach in animal models but it has not yet reached the clinical trial phase of investigation.
[59] What about the trials that are planned or ongoing that are combining cancer vaccines with checkpoint inhibition. Weber and colleagues [60] presented updated data from a phase I trial combining a peptide vaccine with PD-1 blockade in melanoma. The study enrolled 90 patients with unresectable stage III or IV melanoma, all had failed at least 1 previous therapy, and they were either ipilimumab naive or ipilimumab experienced. The response rate for both ipilimumab-refractory and ipilimumab-naive patients by RECIST was 25% with a median duration of response of 14.3 months. Unfortunately, the results did not yield the hoped-for synergistic boost in response above the 20% to 30% typically seen for PD-1 blockade in melanoma. Of note, however, is that peptide vaccines are generally fairly weak compared with some of the more modern vaccine technologies. In particular, Overwijk and colleagues [61] of the University of Texas M. D. Anderson Cancer Center published data suggesting that when a standard adjuvant is used with a peptide vaccine, the protein and the antigen are concentrated in a small focal area. T cells migrate to that small focus where they may be sequestered and undergo cell death rather than trafficking through the body and attacking tumor cells. Thus peptide vaccines with a standard depot oil emulsion plus adjuvant approach may not be an effective way to test whether vaccines and checkpoint blockade combine well. However, with the recent FDA approval of Pembrolizumab and initial report of phase III data for nivolumab, [62] I think there will be many more opportunities to try more combination trials with vaccines. Earlier results of studies combining 2 checkpoint inhibitors as in the dose-escalation phase I trial by Wolchok and colleagues, [30] combining nivolumab plus ipilimumab, appear to be very effective in patients with advanced melanoma. A total of 53 patients received concurrent therapy with the 2 antibodies, and 33 received sequential therapy. Overall response rates for patients receiving ipilimumab alone were 7% and 28% for nivolumab alone vs 53% in concurrent combination group. There are trials that are further exploring this approach in advanced melanoma and other tumor types. Hammers and colleagues [63] presented very similar data in patients with metastatic RCC. The response rate to ipilimumab plus nivolumab in kidney cancer appeared to be quite a bit higher than either nivolumab or ipilimumab monotherapy. [9, 47, 64] In the melanoma trial, [30] there were a fair number of patients who responded quite rapidly, before the first assessment, which was performed at 8 weeks. In the RCC trial, [62] however, this was not the case, although it was a small cohort from a phase II trial. In addition, the toxicity in patients with RCC was at least on the same order of magnitude and frequency as that reported in the melanoma trials with grade 3/4 adverse event rates of 53% in the melanoma trial and 29% to 61%, depending on the dosing schema, in the RCC trial. This raises the question of whether these sorts of regimens will be broadly applicable in a community setting. Of note, in the presentation by Hammers and colleagues, [63] it appears that the dose of the anti-CTLA-4 is driving the toxicity. So with the dose of anti-PD-1 nivolumab at 3 mg/kg and then the anti-CTLA-4 ipilimumab at 1 mg/kg, there is significantly less toxicity (29.0% grade 3/4) vs the opposite dosing scheme of 1 mg/kg of nivolumab plus 3 mg/kg of ipilimumab (60.9%). One way to mitigate some of the toxicity of that combination in subsequent trials might be to use the lower dose of ipilimumab. Also, the response rate was similar between the 2 dosing schedules. What Motzer and colleagues [49] published about anti-PD-1 therapy is that globally dose does not significantly affect response.
But when anti-PD-1 and anti-CTLA-4 antibodies are combined, the relative ratio of the 2 drugs can make a substantial difference in terms of toxicity. So, this is something to be explored going forward.
Use of Ipilimumab in Metastatic Castration-Resistant Prostate Cancer That Progressed After Docetaxel Study Design and study results
The article by Kwon and colleagues [48] describes the randomized, double-blind phase III CA184-043 trial that was designed to evaluate the use of ipilimumab following radiotherapy in patients with metastatic castrationresistant prostate cancer that had progressed following chemotherapy with Docetaxel. The rationale for this study was that a ≥50% decline in prostate-specific antigen had been observed in approximately 15% of patients in earlier-phase trials using ipilimumab, which targets CTLA-4 and thereby inhibits tumor immune tolerance. [65] It had also been noted that radiation therapy may synergize with immune checkpoint inhibition via CTLA-4 and may lead to increased tumor lymphocyte infiltration and the abscopal effect, which is the systemic response to immune therapy after local tumor radiation thought to be potentially due to tumor antigen release. [59, [66] [67] [68] Approximately 800 men with castration-resistant prostate cancer who had previously progressed on Docetaxel were randomized in a 1-to-1 fashion between placebo and ipilimumab 10 mg/kg intravenously every 3 weeks for up to 4 doses, with a single 8-Gy dose of radiation therapy to at least 1 bone lesion. Patients who had at least stable disease were allowed to continue placebo or ipilimumab maintenance at 10 mg/kg every 3 months until confirmed disease progression, intolerance, or clinical decline. Approximately 28% of these men had visceral metastases, and this was evenly distributed between the 2 groups. This ended up being a negative trial by the primary endpoint of OS. The median OS was 11.2 months for ipilimumab vs 10.0 months for placebo, which closely approached statistical significance with a P value of .053. The PFS was significantly improved with the addition of ipilimumab, with an HR of 0.70 (P < .0001). Notably, the proportional HRs were violated and the investigators performed a post hoc analysis that demonstrated improved HRs in favor of ipilimumab when the time from initiation of therapy was > 5 months. This post hoc analysis also demonstrated that patients with less extensive disease-that is, those without visceral metastases, those with low alkaline phosphatase (< 1.5 x ULN), and those with hemoglobin concentration ≥ 110 g/L-benefited from ipilimumab, whereas those with visceral metastases and those with more advanced disease, overall, did not. The toxicities were approximately comparable with earlier trials of ipilimumab in prostate cancer and other tumor types. [65, [69] [70] [71] In this trial, diarrhea was particularly prevalent with 16% of patients experiencing grade 3 adverse events, and 4 patients died secondary to ipilimumab-related toxicities. Although this was a negative trial, the findings of improved outcomes in a less extensive disease setting suggest that there may be a role for ipilimumab in prostate cancer, and the upcoming results of the ongoing randomized, double-blind phase III CA184-095 trial investigating ipilimumab vs placebo in men with metastatic, chemotherapy naive, castration-resistant prostate cancer are anticipated. [13, 72] The treatment arms were well balanced and the trial was representative of a common patient population with few exclusion criteria. Important to note is that the suggestion of efficacy in smaller volume disease is supported by findings in metastatic melanoma. [73] In terms of weaknesses, not all the subgroup analyses were pre specified, and thus the results that suggest improved efficacy of ipilimumab in less extensive disease are hypothesis-generating only. The rationale for the chosen dose of 10 mg/kg was not specified in this paper. Notably, the dose used in melanoma is lower, at 3 mg/kg. And, lastly, this trial did not address the role of radiation in this population in combination with ipilimumab, and potential synergies with ipilimumab were not specifically addressed.
Discussion: Disease Characteristics and Outcomes
In this trial, patients with less extensive disease appeared to benefit whereas those with more advanced disease did not. All of these patients had metastatic castration-resistant disease that had progressed on chemotherapy. They all had a good performance status-Eastern Cooperative Oncology Group 0 or 1.
Thus, they were all at a fairly similar stage in the timeline of their disease. It is to emphasize that the differences in the characteristics that came out in the subgroup analysis do not indicate earlier vs more advanced stage disease, but rather the aggressiveness of the tumors. For instance, lower hemoglobin and visceral metastases are characteristic of a more aggressive biology, perhaps even a different phenotype. My overall hypothesis is that in the setting of prostate cancer with visceral involvement, there is a systemic release of anti-inflammatory or immunosuppressive cytokines, such that the patient's microenvironment or systemic milieu is rendered anti-inflammatory or less amenable to an immune response. Specific cytokines that may be involved in this process include TGF-β, IL-8, IL-6, and tumor necrosis factor-α. My colleagues and I are in the process of analyzing the cytokines that are available from the serum samples from this trial in order to determine if patients who had a high baseline level of these immunosuppressive cytokines were ones who failed to benefit. An important feature of this trial was that it allowed enrollment of men with visceral metastases, whereas all the other immunotherapy trials for castrationresistant prostate cancer-the trial of sipuleucel-T, [4] the ongoing trial of PROSTVAC [74] and even the ongoing CA184-095 trial of chemotherapy-naïve treatment with ipilimumab [13, 72] discussed above-did not enroll men with visceral metastases. Based on the post hoc analysis results, there are other biomarkers and patient selection factors that would be incorporated to better identify which groups of men with castration-resistant prostate cancer may benefit from ipilimumab. Excluding visceral metastases would almost certainly have led to a positive trial. But at the time the trial was designed, neither abiraterone nor enzalutamide were treatment options, hence the placebo as a comparator. Treatment options were very limited for men when the disease progressed following Docetaxel chemotherapy. One felts at the time that it was important to include men with visceral metastases, who had not been permitted to enroll on other trials in the post chemotherapy setting. However, if I had to go back, I would absolutely have excluded men with visceral metastases. The updated OS from this trial were recently presented at the 2014 European Society of Medical Oncology (ESMO) annual meeting and indicated a 3-year survival rate of 12% among ipilimumab-treated patients vs 6% among the placebo group in the intent-to-treat population with a median OS of 11.2 months and 10.0 months, respectively (HR: 0.84; 95% CI: 0.72-0.98). [75] The data that speak to that with higher patient numbers were presented by Schadendorf and colleagues [76] at the 2013 European Cancer Conference and involve a pooled analysis from 2985 patients with melanoma treated with ipilimumab in 12 retrospective and prospective phase II and III trials, observing the long-term survival. Results showed a flattening of the curve and 22% and 17% 3-and 7-year OS rates, respectively, which was quite compelling. The follow-up survival data in prostate cancer presented at ESMO demonstrate 2-and 3-year OS rates in prostate cancer of 25% and 12%, respectively. [75] These data corroborated those shown with melanoma.
Patient Selection and Immune Checkpoint Inhibitors
In terms of patient selection and tumor types beyond prostate cancer, there are clinical characteristics or biomarkers that would help us identify patients who may be more likely to benefit from CTLA-4 inhibition. It is likely that the same characteristics that predict response to anti-PD-1 and anti-PD-L1 will also help predict response to anti-CTLA-4. Tumors that are infiltrated with CD8+ cells which are dividing and producing effectors cytokines are primed to respond to checkpoint blockade. So, how can be this measured. Production of interferon-ã from the infiltrating CD8+ cells leads to up regulation of PD-L1 on the tumor cells and in the microenvironment. Hence, PD-L1 will likely be a reasonable marker for re-sponse to CTLA-4, as well. The challenge is obtaining a biopsy that can be adequately analyzed by immunohistochemistry for these types of markers. This will need to be resolved to effectively apply these markers in clinical practice. Data have also been shown with other checkpoint inhibitors, such as nivolumab, Pembrolizumab, MEDI4736, and MPDL3280A demonstrating the predictive ability of PD-L1 expression. [27, 28, 47, [77] [78] [79] This lends further support to the idea that tumor inflammation and infiltration with CD8+ T cells holds across different checkpoint inhibitors. There are some immunochemistry and other biomarkers for anti-PD-1/anti-PD-L1 therapy that appear promising.
There are multiple competing assays available with varying levels of sensitivity and specificity due to different staining protocols and different antibodies. A biomarker that could be widely used in trials would require a more standardized assay, either developed globally to be used across multiple trials, or developed by one company to be used as a companion diagnostic. However, it is important to note that the response rate in PD-L1-negative patients is never zero. In all of the trials that have evaluated this, the response rate in PD-L1-negative tumors is in the range of approximately 10% to 15% for checkpoint inhibitor monotherapy. Going forward, having a standardized test is the only way it can be used as a predictive biomarker. And even then some of the PD-L1-negative tumors will respond to checkpoint inhibition, so how to manage this in the clinical setting is yet to be determined. The next questions are how we can better identify patients who may have an unfavorable risk-to-benefit ratio to checkpoint inhibitors, aside from a history of autoimmune disease, and as a follow-up, are there autoimmune diseases in which you would still feel comfortable administering checkpoint inhibitors. Some of the trials that have been running for a long time broadly excluded previous autoimmune disease in general. However, particularly with the PD-1 and PD-L1 agents, these checkpoint inhibitors appear to be less toxic and some autoimmune disease can be permitted. For instance, many patients have had some history of some type of psoriasis in their lifetime. And as long as this is not a severe steroid-requiring psoriasis, they will likely be able to be treated successfully. And one needs to consider the degree to which arthritis is inflammatory vs osteoarthritis. If a patient has been receiving immunomodulatory agents for arthritis, then they definitely need to be excluded. So the entry criteria for PD-1 and PD-L1 inhibitors are likely to expand going forward. And autoimmune disease may be less of a clear exclusion criterion in clinical practice.
Future Directions with Immunotherapy in Prostate Cancer
The phase III CA184-095 trial of ipilimumab in patients with chemotherapy-naive, metastatic, castration-resistant prostate cancer is currently ongoing and excludes patients with visceral metastases.
[13] The initial results of this very interesting trial will be presented sometime in 2015. If the difference between success and failure in the CA184-043 trial was the patients with the visceral metastases, then one can anticipate that the CA184-095 trial will, in fact, be positive. However, there is no way to know with absolute certainty. For instance, one drug that was felt to be very promising for prostate cancer by many investigators, cabozantinib (XL184), recently failed in a phase III trial that enrolled men with castration-resistant prostate cancer who progressed after Docetaxel as well as abiraterone and/or enzalutamide; these results have not been presented yet. So, although the inclusion of patients with visceral metastases is a good explanation for the lack of success of ipilimumab in the post chemotherapy setting, we will not know for sure until the results of the CA184-095 trial are reported. Another factor to consider with the CA184-095 trial is that it was started before the approvals of abiraterone and enzalutamide. So there is a possibility that post hoc or post treatment usage of abiraterone and enzalutamide in this setting could complicate the results of this trial. Thus prostate cancer, perhaps unlike some of the other cancers, absolutely requires a combination approach. However, despite that, there have been some case reports of prostate cancer that have had impressive responses to immunotherapy. Graff and colleagues [80] reported a complete response to sipuleucel-T in a patient treated with enzalutamide. The same group also reported a patient treated with ipilimumab who had a complete response. [81] Thus, in prostate cancer, there are a select few individuals who are likely to respond to monotherapy, but in general, the combination approach will be optimal in this tumor. Also, the radiation therapy may still be a viable approach. Moreover, the dose and schedule of radiation that is optimal to prime an immune response has yet to be elucidated. The single 8-Gy dose is one palliative regimen that is used somewhat commonly. However, there are other palliative regimens such as 6 Gy x 5, 9.5 Gy x 3. 
Pembrolizumab Safe and Effective in Patients with Advanced Melanoma in a Phase I Dose-Escalation Study Study Design and results
Hamid and colleagues [20] evaluated the safety and efficacy of Pembrolizumab in a phase I dose escalation trial. In total, 135 patients with metastatic or locally advanced melanoma who had progressed following previous treatment with ipilimumab or up to 2 previous systemic regimens were administered Pembrolizumab 10 mg/kg either every 2 weeks or every 3 weeks or, for advanced melanoma, 2 mg/kg every 3 weeks. Treatment continued until disease progression, unacceptable toxicity, or withdrawn consent. Those who experienced disease progression at the first evaluation were allowed to continue treatment until confirmatory imaging was performed at least 1 month later. The rationale behind this trial was that no standard of care treatment option was available for patients with advanced melanoma who had progressed on ipilimumab, and BRAF/MEK inhibitors, if BRAF mutated. Pembrolizumab, formerly known as lambrolizumab or MK-3475, is a monoclonal IgG4ê antibody against PD-1. There was previously a dose escalation study of Pembrolizumab in multiple solid tumors to 10 mg/kg every 2 weeks that was reported separately, [84] followed by the expansion cohort of patients with advanced melanoma reported here as an open-label, multicenter phase I trial. [20] Pembrolizumab, in previous reports from the phase I trial, was well tolerated with relatively infrequent autoimmune toxicity and had impressive and durable activity in a heavily pretreated cohort of patients with metastatic melanoma. The IgG4 immunoglobulin subtype does not activate complement or bind Fc receptors, thereby avoiding cytotoxic effects on T cells. In this study, there was a 37% ORR by immune-related response criteria and 38% confirmed response rate by RECIST across all tested doses.
There was no evidence of cross-resistance between ipilimumab and Pembrolizumab as the response rates were similar in the ipilimumab-naive and ipilimumab-experienced cohorts. Responses were seen as late as 36 weeks after initiation of therapy. Drug-related adverse events of any grade occurred in 79% of patients and grade ¾ events occurred in 13%. Toxicity included rare pneumonitis (all < grade 3), rash (2% grade 3/4), diarrhea (1% grade 3/4), fatigue (1% grade 3/4), and autoimmune hepatitis. In a follow-up paper, Robert and colleagues [6] described an expansion cohort of patients with ipilimumab-refractory melanoma. In this open-label phase I trial, 173 patients with advanced melanoma who experienced disease progression after at least 2 doses of ipilimumab were randomized in a 1-to-1 ratio to receive treatment with Pembrolizumab at either 2 mg/kg every 3 weeks (n = 89) or 10 mg/kg every 3 weeks (n = 84) until disease progression, unacceptable toxicity, or withdrawal of consent. The primary endpoint was ORR assessed with RECIST by independent central review. Investigators noted an ORR of 26% at each dose level compared with 6% response rates from previous treatments of ipilimumab in the same patients. Reductions in tumor burden were seen in approximately 70% of patients at both doses. Treatment with Pembrolizumab was well tolerated, and toxicity profiles were similar between the groups. The median PFS was 22 weeks for the 2-mg/kg cohort in this study and 14 weeks for the 10-mg/kg cohort by independent central review, and were 31 weeks and 35 weeks, respectively, as assessed by the investigators using immune-related criteria. Overall survival at 1 year was 58% for the 2-mg/kg cohort and 63% for the 10-mg/kg cohort, respectively. These data from the ipilimumab-refractory expansion cohort led to FDA approval of Pembrolizumab for patients with unresectable or metastatic melanoma and disease progression following ipilimumab, and a BRAF inhibitor if BRAFV600-mutation positive. The major strength of this trial was that it was a rational expansion of the population into melanoma and then ipilimumab-refractory melanoma. However, there was no discussion of toxicity in those who had previous ipilimumab-related toxicity, and there was no discussion of predictive biomarkers, although these will presumably be reported separately.
Discussion: Checkpoint Inhibitors and Cross-Resistance
An important finding from these studies was the activity of Pembrolizumab in patients who were previously treated with ipilimumab. There is a proven lack of crossresistance between ipilimumab and Pembrolizumab therapy that was seen in these studies [20, 54] This is a fascinating observation and it speaks to the notion that the negative signals mediated by PD-1/PD-L1 and CTLA-4 are actually biochemically and molecularly different. In a retrospective microarray analysis presented by Weber and colleagues, [85] purified peripheral blood CD4+ and CD8+ T cells were isolated from patients with melanoma who were treated with ipilimumab both pretreatment and post treatment. When patients were treated with ipilimumab, the majority of the gene expression changes appeared to be in the CD4+ T-cell compartmentthe helper T cells-whereas biopsies on patients treated with anti-PD-1 reveal predominately a CD8+ infiltrate. One explanation is that the biochemical pathways mediated by CTLA-4 and PD-1/PD-L1 are biochemically and molecularly distinct. The other more broad-level approach is perhaps CTLA-4 preferentially augments CD4+ T cells and PD-1 acts predominately on CD8+ T cells, which may also explain the lack of cross-resistance observed in this study.
[20]
Activity in Brain Metastases
Patients who had a history of treated brain metastases were allowed to enroll on this study. The activity of immunotherapy in sanctuary sites such as the brain has not been examined comprehensively in any trial. However, there is a combination trial of ipilimumab and nivolumab in patients with recurrent glioblastoma.
[86] So, it is currently an open question; however, anecdotally, more than one response has been observed in patients with brain lesions, and the traditional idea of the brain as an immunologically privileged sanctuary site is languishing. Jackson and colleagues [87] published a review about immunotherapy for glioblastoma multiforme that discusses this concept, citing reports of a limited number of native antigen-presenting cells in the central nervous system and the lack of a lymphatic system, as well as an inability of antibodies and lymphocytes to cross the blood-brain barrier. However, when there is ongoing inflammation, as in the case of a tumor, it appears that the blood-brain barrier is readily crossed by activated lymphocytes. [88, 89] Lipson and colleagues [90] also published 3 case reports, one of whom was treated initially with anti-PD-1 antibody for RCC and later developed a brain lesion which, upon surgical resection, contained no tumor cells, only fibrovascular tissue with inflammation, CD8+ macrophages, and T cells. This was deemed a resolving lesion of undetermined origin. Hence, it appears that brain lesions are certainly amenable to immunotherapy. However, the relative response rate and best strategy for this have yet to be determined.
Differences between PD-1 and PD-L1 Agents
Concerning the differences between therapies that target PD-1 and PD-L1 there are several different viewpoints about it. However, from a purist, evidence-based point of view, it is unfair to say there is any difference between these 2 types of agents because they have not been investigated in a head-to-head comparison trial. So unless a cross-comparison trial is performed that is adequately powered to see a difference, one should refrain from concluding that there is a difference. Alternatively, if we were to compare the phase I data from nivolumab with objective response rates ranging from 18% to 28% vs the phase I data from the anti-PD-L1 agent BMS-936559 with objective response rates ranging from 6% to 17%, it would appear that the anti-PD-1 agent nivolumab was slightly more active-albeit these are phase I data. [26, 47] However, we know that the anti-PD-L1 agents have activity. MPDL3280A has clear activity in melanoma, bladder cancer, lung cancer, and RCC. [27, 39] There are also data showing activity of MEDI-4736 in lung, colorectal, and head and neck cancers.
[28] Blocking PD-1 in turn blocks the interaction of PD-1 with its 2 ligands, PD-L1 and PD-L2. So if PD-L2 is important, then blocking PD-1 is likely more beneficial. Alternatively, there is some suggestion that PD-1 interacts with B7-1, which is another co stimulatory molecule on T cells. In this case, blocking PD-L1 may be preferential so as to avoid collateral interference with other PD-1-mediated signals. One could derive reasonable immunologic rationales for blocking either pathway.
Cross-comparisons based on the current evidence in humans are unfair due to the disparate nature of the patients, the different design of phase I trials, and differences in the individual antibodies in terms of their affinity, their half-life, and the epitope they bind. Perhaps the safest thing to say right now is both PD-1 and PD-L1 blockade have activity in different cancer types and we await the phase III data.
Pembrolizumab in Practice
Pembrolizumab has been approved by the FDA as a single agent and is well tolerated. It has a high response rate so it will likely be used immediately in the on-label setting, that is, in late-stage melanoma, which has progressed following treatment with ipilimumab and, if BRAFV600 mutation positive, a BRAF inhibitor. However, owing to the wealth of data that have been published on PD-1 blockade, in multiple tumor types and in a variety of settings, there is a real concern, and among physicians a real enthusiasm, to use Pembrolizumab off label. It is yet to be seen how this enthusiasm will affect clinical practice over the next several months in terms of reimbursement policy. We know from data that we presented at ASCO [15, 35, 63] and the published data [47] that anti-PD-1 therapy has clear activity in RCC.
The toxicity associated with the anti-PD-1 drugs and the use of steroids and other immunosuppressive drugs decrease the response rate or worsen the outcome in patients who develop toxicity. There is an algorithm for each potential toxicity (eg, hepatitis, dermatitis, hypophysitis, colitis) which indicates the range of steroids that is appropriate for these patients. That is one clear management concept that should really be promulgated going forward. The big question is, if you have a patient who is having a good antitumor response to anti-PD-1 or anti-PD-L1, or even with anti-CTLA-4, who then develops a toxicity that requires treatment with a reasonably high dose of steroids, what happens to that autoimmune response? Sometimes, or perhaps, even most of the time, the antitumor immune response continues and the antitumor response is now so robust that it continues through the steroid course. One thing that needs to be done is a quantitative analysis to determine how often an antitumor response is turned off as a result of high-dose steroid treatment for autoimmune-related events. Those data will be critical for clinical practice because it can drive the decision about which scenarios clinicians can feel comfortable about administering high-dose steroids without interfering with the antitumor immune response. For instance, if the likelihood of turning off the antitumor response is exceedingly low, then when an autoimmune event, such as pneumonitis, is suspected, we can feel confident about treating it aggressively with steroids. Alternatively, if the data indicate that approximately 50% of the time, administration of high-dose steroids will turn off an antitumor immune response, then we may be more judicious in the approach. The general impression is that many of the antitumor responses proceed and that the optimal approach is to be cautious and administer steroids to try to mitigate an immune-related adverse event. However, this is not supported by hard data and it will be important to be mindful of these data as they emerge.
Pneumonitis and therapy
Concerning the management of pneumonitis the evidence suggests that pneumonitis may be more common with PD-1-blocking agents than with anti-CTLA-4 and anti-PD-L1 agents. Pneumonitis has been observed both with nivolumab and Pembrolizumab. [15, 16, 47 , 84] A great challenge with pneumonitis is recognizing it, particularly when treating patients with lung cancer who already have evident lesions in their lung. Moreover, on imaging after the initiation of treatment, an antitumor immune response against a previously occult lesion can confound interpretation. Scott Antonia, MD, PhD, from the Moffitt Cancer Center, and Scott N. Gettinger, MD, from Yale University, both thoracic oncologists, have advised that in the management of patients with lung cancer, it is important to be cognizant of each patient's clinical status. Their practice is to measure patients' baseline O2 saturations, at rest and on exertion. While on checkpoint blockade therapy, if the patient experiences a decrease in exertional O2 saturation from baseline, that would be functionally worri-some, and they suggest that this indicates the need to intervene and treat an incidental radiologic lesion with corticosteroids.
Most clinicians are uncomfortable treating asymptomatic pneumonitis during checkpoint blockade therapy. When an incidental finding appears on imaging and a patient is feeling otherwise well, it can be quite challenging to determine the appropriate management strategy going forward. However, if a lesion appears on imaging and the patient is symptomatic (eg, worsening shortness of breath or cough), all clinicians are comfortable treating a patient with symptomatic pneumonitis with appropriate, algorithm-specified, doses of steroids. The other advice received from the thoracic oncologists is to be more aggressive about imaging.
For instance, if a patient has an incidental finding on imaging but is asymptomatic and appears to be doing well otherwise on an immune checkpoint blockade agent, it is prudent to be more proactive about re-imaging more frequently, rather than waiting for the next routinely scheduled imaging visit, and if progression is observed that may indicate a pneumonitis, consider intervening at that time. Undoubtedly, pneumonitis is one of the most worrisome of all the potential toxicities with anti-PD-1 agents and also one of the more difficult to both diagnose and to manage. However, the algorithms are helpful as well as paying more careful attention to the patient's clinical status.
Combining Checkpoint Inhibitors With Other Therapies
Moving forward to further improvement of the efficacy of anti-PD-1 therapy could affect autoimmune toxicity. It is going to be a challenge. It is known from a study T, De Pas T, Zielinski M, Kim MS, et al. MAGRIT, a double-blind, randomized, placebocontrolled phase III study to assess the efficacy of the recMAGE-A3 + AS15 cancer immunotherapeutic as adjuvant therapy in patients with resected MAGE-A3-positive non-small cell lung cancer (NSCLC [PubMed] [CrossRef] 10. Lynch TJ, Bondarenko I, Luft A, Serwatowski P, Barlesi F, Chacko R, et al. Ipilimumab in combination with paclitaxel and carboplatin as first-line treatment in stage IIIB/IV non-smallcell lung cancer: results from a randomized, double-blind, multicenter
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that combined the BRAF inhibitor with anti-CTLA-4. [91] This trial was halted early due to autoimmune toxicity, mostly hepatitis. It is a speculation that when agents that have subclinical toxicity to any organ are administered, that organ upregulates PD-L1 to protect itself from an autoimmune response. As an example, pazopanib is a tyrosine kinase inhibitor used in RCC that, by itself, has a very low rate of hepatic function abnormalities. However, when combined with an anti-PD-1 agent, as was done in a phase II trial presented at ASCO 2014 that evaluated nivolumab in combination with sunitinib or pazopanib in patients with metastatic RCC, a fairly high incidence of liver toxicity is observed. [29] In fact, the arm that contained the nivolumab and pazopanib combination was closed prematurely due to the occurrence of 4 dose-limiting toxicities. Perhaps in a fair number of patients, pazopanib induces a low-level hepatotoxicity-a low level of cellular damage, which by itself is clinically inconsequential. The body protectively upregulates PD-L1 and, as a result, prevents inflammation. However, if PD-1 is blocked with nivolumab or another anti-PD-1 antibody, quite possibly an autoimmune or immune-related process proceeds culminating in the development of clinically relevant inflammation. Autoimmune nephritis and other inflammatory toxicities have been described as well, [26, 27, 47, 84] Due to the surprisingly benign toxicity profile of all the PD-1 and PD-L1 blocking agents, investigators will be eager to combine them with existing treatments. In reality, the toxicities of the combinations of checkpoint inhibitors and other agents may well prove to be more profound than you would predict from the checkpoint inhibitors alone.
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